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(54) POLYSULPHIDE SEALANTS 

(71) We, ALBRIGHT & WILSON LIMITED, a British Company of P.O. 
Box No. 3, Oldbury, Warley, West Midlands, England, formerly of P.O. Box No. 3, 
Oldbury, Warley, Worcestershire, England do hereby declare the invention, for which 
we pray that a Patent may be granted to us and the method by which it is to be per- 
formed to be particularly described in and by the following statement:— 

The present invention relates to polysulphide sealing compositions which can be 
employed as one pack sealants. 

Hitherto although one pack polysulphide sealants are available they are very slow 
to cure and it has been normal in the construction and other industries where high per- 
formance polysulphide sealant compositions are employed to use two pack sealants, that 
is to say tic actual composition employed is obtained by mixing two ingredients (which 
may themselves be mixtures) on site immediately prior to use. For example polysul- 
phides can be mixed with a curing or cross linking agent. Satisfactory sealing is then 
obtained by reaction between these ingredients. This may present problems in operation, 
if only because of the difficulty of ensuring that the ingredients are mixed in the correct 
proportions and sufficiendy thoroughly by unskilled or semi-skilled construction workers. 

It would therefore obviously be desirable to produce a sealant which does not re- 
quire on-site mixing but which can be employed directly as it comes out of its packag- 
ing and will cure automatically and rapidly under atmospheric conditions. There has 
not hitherto been produced such a composition which will exhibit sufficient good exten- 
sion and recovery in the seal after 7 days exposure to air at room temperature and 50% 
relative humidity to comply with the demands of various national standard or con- 
struction industry test specifications. 

In U.S. Patent No. 3 317 461 there is described a polysulphide composition which, 
it is stated may be employed as a sealant or as a rubber. It is stated that in order to 
obtain satisfactory results, it is necessary to incorporate into each polysulphide chain 
two silicon atoms which have an average of at least 1.5 hydrolysable groups attached 
to them. Such compounds are obtained by the reaction of polysulphide chains with di- 
or tri-alkoxysilanes, such silanes containing an unsaturated carbon — carbon bond, or 
other group capable of reacting with polysulphide polymer such as an epoxy group. 
These compounds are stated to be curable when exposed to moisture although for many 
of them a curing catalyst, such as a tin salt or a titanium compound, may be required. 
Such formulations have not, however, found use as sealants possibly as a result of the 
high cost of silicon compounds. The exemplified compounds are not satisfactory as 
sealants because the high proportion of silicon atoms per molecule results on moisture 
curing in giving a product having insufficinet inextensibility. 

We have now found that it is possible to obtain satisfactory sealant compositions, 
which comprise a polysulphide reacted with substantially fewer silicon atoms than the 
number required to provide two for every polysulphide molecule, providing that the 
composition excludes substantially all tin compounds (or other compounds eg. inorganic 
dioxide or peroxides) which are capable of curing SH terminated polysulphides under 
the reaction conditions in the absence of moisture. This exclusion is necessary because 
if less than 2 silicon atoms are employed per polysulphide molecule there is inevitably 
left a number of free — SH groups on the molecule. These tend to react with the tin 
compounds (or other compounds) to cause curing in the packaging and resulting in the 
composition being unsuitable for use. 

In our Patent No. 1 396 698 we described and claim an anhydrous composition 
suitable for use in a sealant composition and containing substantially no tin compounds 
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W £f h ^ ^ Ct at r °° m temperature under anhydrous conditions with 
r , , ' "ferial comprising the product of reacting under anhydrous conditions 
a polysulphide of the statistical formula * 115 

HS[CH.(R') b CHA] c [OW.CHSJ, CH,(R') b CH,SH 
where a is 2, 3 or 4, b is 0 or 1, b' is 0 or 1, c is 20-50, d is less than 0.05 c. R' is a di- s 

i i i 

linkage and/or interrupted by a sulphur atom in a 
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R " *■« divalent radical which is free from aliphatic unsaturation and consists 

i i i 

1 5 linkage and/or interrupted by a sulphur atom in a 15 

— C— S — C 
I I I 

linkage, with sufficient of a compound of the formula QnSiX 4 _ where n is 1 or 2, Q is 
a group having a terminal epoxide group, or a v 

' CH^CHCOOQ^IW CH^CCOOQ^IW, or CH 1 = CHQ B H 2In 

R 

20 Ks W £d C ,E lll-'i ° r ^; R 0T at ,east wo 8 rou P s X are hydrolyzable 20 

S"' 1 remainder (if any) are monovalent hydrocarbon or chlorohydrocarbon 

r^c ™ m ~ T Uh 3 7- 30% ° f SH ^"P 8 of * e Polysulphide. Thai compori- 
^L^f g ah ? " fcast one of a plasticizer, filler, aid i ritknatc ester as moisture 
cunng catlayst are also described and claimed. 

crihJ^H P ^™J^ VCnti0 » iS 3 ^fi? 1 " 0 " of or improvement in the invention des- 25 
cnbed claimed in our Patent No. 1 396 698. It provides a sealant composition main- 

of^Lridt ^?n roUS CODd, ° 01 f* con " ining unr «»cted SH groups and hTthe absence 
~,£^£ET' a compounds (or other componnds) capable of curing SH terminated 
S «SS ■ reaCt, ^ n conditions specified hereinafter in the absence of moist- 

^oSSSS^ of reacdng Mnte conditkms a 30 

HS[(CH t (R') h CHA) e (- R"S_ >) t (SH) f ] CH^R'^CH^SH 

^rilyb^^egerf ^ preferab,y Md "P^ally 2-3 and need not neces- 
35 b is 0 or 1 

c is 1—200, preferably 20—100 

d is 0 up to 0.05c, preferably 0.001c— O.05c, especially 0.001c— 0.005c, 
1 is the subject to the conditions 0.05c>f >d, 1 >f and 
^ . f = d x (No. of free valencies in R"— 2) 

of ? T^TJ ° r OI S an i$ div * ,em radicaI free ^ aliphatic unsaturation consisting 40 
C and H and optionally O and/or S„ in the form of — C-O— O-, OH or 
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— C — S a — C — links, R" is an organic radical free of aliphatic unsaturation and hav- 
ing at least three free valencies and consisting of C and H and optionally O and/or S» 
in the form — C — O — C— , — OH or — C — S a — C — links, and the free valencies in 
the c and d repeat units carrying all the f SH groups and the CH 2 R' b CH 2 S a and R"S» 
groups being in any order, with a siiane of the formula (^SiX,^, where n is 1 or 2, Q 
is an organic group having an epoxide group (preferably a terminal epoxide group), 

CH^CR^COOQ^H^,— or CH 2 = CR«— C^H^— 
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group, where m is 0, 1, 2 or 3, each of R 14 and R 15 which are the same or different, is 
hydrogen or is an alkyl radical of 1 to 4 carbon atoms, preferably methyl, (with K 14 pre- 
ferably methyl and R 15 preferably hydrogen) and at least two X*s are organic hydrolyz- 10 
able groups and thevremaining group X (if any) is an alkyl group of 1 to 6 carbon 
atoms, preferably methyl, or a chloro alkyl radical of 1 to 6 carbon atoms, the 
siiane having a total of only 1 or . 2 , groups which react with SH in the poly- 
, sulphide under the reaction conditions, the. reaction being carried out at a temperature 

15 and for a time and using a quantity of siiane such that for the siiane in question the 15 

proportion of the SH groups of me pblysulphide which react with the siiane is from 3% 
to 30%, said composion also comprising 6.1-r- 10% e.g. 0\5-r-4% (especially about 
2%) by weight (based on the weight of polysuiphide) of a moisture curing catalyst. 
The present invention also provides a sealant composition comprising said reaction 
20 product, but subject to the disclaimer hereinafter described. 20 

In the polysuplphide, the c and d repeating units are joined in any order with the 
polymer haying linear or linear and branched chains, the f SH groups being attached to 
free valencies in the combined c/d units whether those valencies are on the c or d units. 
Preferably R' is the organic divalent radical, especially one with a linear chain. It 
25 preferably has less than 8 carbon atoms, 0 — 4 oxygen atoms and 0 — 4 S* groups and is 25 

usually aliphatic; the oxygen and/or sulphur atoms are preferably present in C O C 

°r p— 5*— c groups. Examples for R' are — CH.OCHz— , — CH 2 0— , 
-CHaCftOCH^— , -CH 2 SCH 2 SCH^-, -GH 2 SCH 2 — , — (CH 2 ) 3 OCH 2 O(CH03- 
and most preferred — CH 2 OCH 2 OCH,— . / 
30 Preferably R^'has less than 10 carbon atoms and 0—4 oxygen and O— 4S» groups 30 

and is usually aliphatic. R" usually has 2 tennmaLGH 2 — groups. Examples of suitable 
groups for R" are -t^CHCHCH^ — CH— , — CH 2 CHCH 2 OCH 2 — , 

-^H 2 S.CHCHSCH 2 — but most especially — CHg— GH — CH 2 — . R" is usually 
trivalent. 

35 n .The preferred range for d is 0.001c to 0.005c and that for f is 0.001c— 0.005c. 35 

Preferred absolute values for f for values of c of 20—100 are 0.001 — 0.2 i.e. a total of 
2.001- — 2.2 SH groups per molecule. 

Typically polysulphides for use in sealant compositions according to the invention 
will contain — S— S, S— S— S, S— S— S— S, 



40 



s . S s 

and/or — S-Js— 40 



linkages. Compounds which are particularly of use are those having S— S— or both 

S— S and — S — linkages, in particular those containing a multiplicity of 
( CH 2 CH 2 O CHo O CH 2 CH 2 S . ) groups. Compounds for use in the compositions of the 
present invention frequently contain from 20 to 85, especially 40 — 60 such groupings 
45 though 20 — 50 or 40 — 85 of such grouping may be preferred. 45 

Preferred polysulphides are those of formula 

HS [ (CH 2 CH 2 OCH 2 OCH 2 CH 2 SS ) C (CH 2 CHCH 2 SS ) d ( SH)r] 

CH 2 CH 2 OCH 2 OCH 2 CH 2 CH 2 SH, 

wherein f is the same as d. 

Compounds of this formula are described in US Patent 2 466 963 and some are 
50 commercially available, examples available from Thiokoi Chemical Corporation of 50 
Trenton New Jersey being designated LP31, LP2 and LP32. The characteristics of 
these polymers are as follows. 
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Polysulphidcs of the above formula can also be prepared as described by Eugene R. 
Bertozzi in Rubber Chem. Tech. 41,(1) 114 — 160, 1968. 

The preferred silanes arc those with vinyl groups for Q and are exemplified by 
vinyl tri alkoxy silanes and vinyl alkyl di(alkoxy) silanes where each alkyl and alkoxy 
group has 1—6 carbon atoms, e.g. vinyltriethoxy silanc, vinyl tximethoxy silane, vinyl 
methyl diethoxy silane, vinyl methyl dimethoxy silane and vinyl hexyl diethoxy silane. 
Preferred silanes with vinylic ester groups are 3-(triaIkoxy silyl) propyl methacrylates 
and 3- (alkyl di( alkoxy) silyl) propyl methacrylates, with 1 to 6 carbon atoms in each 
alkyl and alkoxy group, especially 1 or 2 carbon atoms e.g. the propyl methacrylates 
with as substituent in the 3 position of the propyl group trimethoxy silyl, triethoxy silyl, 
methyldimethoxy silyl groups. Preferred silanes containing an epoxide group are of 
formula Q a SiX 4 _a where n and X are as defined above and Q is of formula 

CH2— CHCH 2 0(CH 2 ) m ^ 1 — 

v 
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or epoxycyclo hexyl alkylene of 1 — 4 carbon atoms in the alkylene group e.g. 3,4-epoxy 
cyclo hexylethyi. Examples of silanes containing epoxy groups are 3-glycidoxy-l-(tri- 
alkoxysilyl) propanes and 3,4-epoxycyclohexylethyl-trialkoxy-siIanes in which the alk- 
oxy groups have 1 to 6 carbon atoms, e.g. the trimethoxy and triethoxy compounds. A 
mixture of silanes can be used if desired 

Preferably in the silane n is 1 and there are 2 or 3 hydrolyzable groups. The hydro- 
lyzable groups are preferably free of groups capable of reacting under the reaction con- 
ditions with — SH, e.g. ethylene, acetylene, epoxide, ketone or aldehyde groups. Such 
reactive groups may be present in X so long as they react with SH under the reaction 
conditions for the particular silane to an extent of less than 10% of that of the group 
Q in that silane. The hydrolyzable groups are preferably alkoxy gorups each of 1 to 6 
carbon atoms or acyioxy groups, e.g. those of alkanoic acids of 2 to 8 carbon atoms e.g. 
acetoxy or propionoxy groups, or hydrocarbyl isocyanoxy groups which are derived 
from ketones e.g. 3 to 10 carbon atoms e.g. acetoxime and cyclohexanonoxime. When 
n is 1 and there are only 2 hydrolyzable groups for X, the remaining X group is prefer- 
ably a methyl group. 

The silanes are reacted with the polysulphides in amounts so as to react with up to 
30% of the — SH groups present in the polymer. The amount of silicon compound, 
which it will be necessary to employ, to produce reactions to this extent will depend 
upon the reactivity of the particular silicon compound. For example employing a reac- 
tive compound e.g. a giycidoxy compound for example 3 -glycidoxy- ( 1 -trimethoxy 
silyl-) propane it may be possible to use amounts of no more than 0.3 mole of silicon 
compound equivalent per SH group, whereas for less reactive compounds e.g. vinyl 
silanes for example vinyl triethoxy silane amounts of up to 1.5 moles of silicon com- 
pound equivalent per SH group may be required. 

It should be understood that in the method hereinafter described in many cases e.g. 
with the less reactive silanes only a small proportion of the silicon compound employed 
actually reacts with the SH groups available. We have, however, found that there is a 
certain critical minimum amount of silicon compound which must have reacted with the 
polymer in order to obtain a composition which will cure satisfactorily. The amount of 
silicon which has, in fact, reacted with the polysulphide polymer may be determined by 
the method described by B. Savilie in Analyst 86 (1961) modified to keep the polymer 
in dispersion. 

The silanes can be caused to react with the polysulphides by reacting the poly- 
sulphide in a suitable solvent or alone with the silane, under substantially anhydrous 
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conditions. The temperature and time required for satisfactory addition will of course 
depend upon the reactivity of . the silane. If desired, an accelerator may be employed to 
assist in this reaction, for example organic peroxides, e.g. benzoyl, lauroyl or cyclohex- 
anone peroxides, in an amount of. less than 0.2% based on the weight of the poly- 
5 sulphide or other catalysts e.g. HN, -diethyl aniline pyridine or sulphur, in amounts of 5 

up to 3% e.g. 0.01—3% based on the weight of the polymer. If peroxides are used, 
they are substantially absent at the end of the reaction. 

The quantity of silane and the time and temperature of the reaction, required to 
react the desired proportion of SH groups depends on the reactivity of the silane. For a 
10 given silane the quantity and conditions can readily be ascertained by trial and error 10 
using the method of analysis referred to above. 

Thus for example where the Q group in the silane is of formula CH» = CH(CHo) m 

e.g. as in vinyl tri ethoxy silane or vinyl ethyl dimethoxy (or ethoxy) silane, 3 10% 

of the SH groups of polysulphides of molecular weight 4,000 — 10,000 can be reacted 
15 by heating for 8—25 hmr at 80— 120°C with an amount of silane in the molar ratio to 15 
thiol in the polysulphide of 0.5:1 to 1.5:1 .Addition of 0.001—3% by weight of cata- 
lyst e.g. an amine e.g. pyridine or sulphur enhances the amount of addition under other- 
wise identical conditions. Where the Q group contains an acrylic or methacrylic acid 
ester e.g. as in 3-(tri ethoxy silyl-propyl) rhethacrylate or its corresponding tri methoxy 
20 analoque, 10—30% of the SH groups of poiysulphides of molecular weight 4,000 to 20 
8,000 can be reacted by heating at 80-^1 20° C for about 4 hr with an amount of silane 
in the molecular ratioto thiol of 0.15:1 to 0.30:1 in the presence of 0.001 to 3% of 
sodium methovxide catalyst. Where the Q group contains an epoxide group, e.g. as in 
3-glycidoxy-l-(trimethoxysilyl) propane, 15—20% of the SH groups of polysulphides 
25 of molecular weight 6,000 can be reacted at 80— 120°C for 2—3 hr. with a molar ratio 25 
of silane to thiol m the polysulphide of about 0.2:1 in the presence of 0.001 3% ter- 
tiary amine catalyst e.g. 2,4,6 T tris (dimemylaminomethyl) -phenol or N,N-dimethyl 
benzylamine. Alternatively where Q is an epoxide or acrylic or methacrylic ester group 
the reaction can be carried out at room temperature by standing for a longer period, the 
30 other conditions being the same. 30 

Preferably from 5—20% of SH groups of the polysulphide and especially 3—15°/ 
are reacted with the silane. 

Compounds produced by the above process can undergo crosslinking when exposed 
to moisture. The present invention also provides a sealant composition contained in a 
35 water impermeable pack, which composition comprises a polysulphide reacted with a 35 
silane as ^described above, said curing catalyst in the amount specified and at least one 
of a solid filler and a plasticiser. Often it aiso desirably contains an inhibitor and pos- 
sibly pigments and/or thixotropic agents. 

Formulations according to the invention normally contain from 10 to 60°/ eg 
40 2 PT 45 7° «pecially 25—35% by weight of the polysulphide prepared by the process 40 
of the invention. 

. -Normally they also comprise both a filler and a plasticiser, although the propor- 
U f n ^?i C1 - ? can 35 littJe M 10% of ^ totaI f °«nulation. Normally, if the content 
of filler is low, that of plasticiser is high, and vice versa. We have found that a com- 
45 position containing silicon-modified polysulphide polymer, filler and plasticiser in the 4i 
weight ratios 0.5— 1.5:0.5— 1.5:0.5— 1.5 is particularly useful. The weighr ratio of 
tiller to pla.ucizeris often 0.8—1.6:1.. Preferred amounts of filler are 30—40% based 
on the weight of the formulations, while preferred amounts of plasticizer are 20—45% 
by weight based pii the weight of the formulation. Suitable fillers for use in the compel 
50, smons of the invention include chalk, other forms of calcium carbonate, lithopone, silica 50 
of various forms, zinc oxide and clay, titanium dioxide, slate powder, carbon black and 
barium oxide Calcium carbonate may often be employed in a coated form, for example 
in the form of fine particles coated with stearic acid. 

Plasticizers which can be of use include nitrated aromatic compounds, chlorinated 
55 liquid paraffins, chlorinated polyphenol is e.g. terphenyls, and phthalates and other in- 55 

gradients commonly known as plasticisers. Specific compounds which may be employed 
include: those known under the Registered Trade Marks " Cereclor and " Aroclor 
mtrobiphenyls, dibutylphthalate, di-2-emylhexylphthalate and dialkylphthalates. Tri- 
arylphosphates may also be employed. 
60 Pigments, which may be included in some cases, may also act as fillers, e.g. titanium 60 

dioxide and carbon black, in which case they are present in an amount sufficient, either 
by themselves or in conjunction with other fillers, to fulfil their filling role. 

However, if desired other pigments may also be included in the formulation in 
lesser amounts simply in order to provide a colouring effect. Such pigments include 
65 many of those commonly used in the paint industry, to achieve various colours. 65 
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Very finely divided materials may also be present in small amounts, e.g. up to 8% 
by weight (e.g. 0.1 — 8% especially 0.5 — 2%) of the polysulphide polymer in order to 
act as thixotropic agents. Such compounds include colloidal silica, " Bentone," carbon 
black and crysotile asbestos, " Ben tone " is a Registered Trade Mark. 
5 Catalysts which are used in the present formulations are those which will promote 5 

the cross linking of alkoxy silyl groups (or other Si-hydrolyzable groups) in the pres- 
ence of moisture, but which are unreactive towards free — SH groups on the 
polysulphide. 

Examples of such catalysts are titanium compounds of formula 

R>0 OR 3 

10 Tl 10 

R'O OR* 

wherein each of R 1 , R* R% and R 4 which are the same or different, represents an alkyl 
group of 1 to 18 carbon atoms, preferably of 1 — 6 carbon atoms, especially i-Propyl or 
n-butyl, or a phenyl group, or one or two of the groups OR 1 , OR 2 , OR 3 , and OR 4 repre- 
sent enoiate groups from /J-dicarbonyl compounds or /3-hydroxycarbonyl compounds 

15 preferably Jff-diketones, /3-ketoesters, £-hydroxy-aldehyde$ and 0-hydroxy ketones, or 15 

at least one pair of the pairs R 1 and R 2 , and R a and RV combined represents an ali- 
phatic diradical, which is an alkylene radical of 1 — 18 carbon atoms, preferably 3 — 10 f 
carbon atoms and especially 1,6-hexylene, or a diradical consisting of said alkylene 
radicals bridged by at least one of O, — N — , NR 4 and S atoms, in ether, amine or thio 

20 ether linkages, or three or four of R 1 , R-, R*, R\ combined represent an aliphatic tri- 20 

or tetra-radical, which consists of saturated hydrocarbyl groups or saturated hydro- 
carbyl groups bridged by at least one of O, N, NR 3 and S atoms in ether, amine or 
thioether linkages, and R- represents hydrogen or alkyl of 1 — 6 carbon atoms eg. 
methyl. Polymers of these titanium compounds can also be used. 

25 Examples of titanium compounds in which R 1 — R* are alkyl or phenyl groups are 25 

terraisopropyl, titanate, tetrabutyl titanate and tetrephenyltitanate; polymers of such 
tetra alkoxy tianates may be used. Preferred enoiate groups in the titanium compounds 
are those from compounds of formula R«COCH r COR H wherein each of R«, R T and R m , 
which are the same or different, represents hydrogen, an alkyl group of 1 to 6 carbon 

30 atoms e.g. methyl or a phenyl group, and R tt and/or R* can be alkoxy of 1 to 6 carbon 30 

atoms e.g. mcthoxy or ethoxy. Examples of these 0-dicarbonyl compounds are acetyl- 
acetone, acetoacetic esters such as ethyl aceto acetate and dibenzoy 1m ethane ; other pre- 
ferred enoiate groups are those from /3-hydroxy compounds of formula 
R*R JO C(OH)— CR»CR"COR" where each of R% R>\ R", R", and R 13 , which are 

35 the same or different represents a hydrogen atom or alkyl group of 1 to 6 carbon atoms 35 

e.g. methyl, R 13 may represent a group of formula CR"R 12 — C(OH)R 9 R 10 , and 
R*R l *C — CR 1 ^ 1 * may together form a benzene ring. Examples of such ^-hydroxy 
compounds arc diacetone alcohol and salicylaidelyde. Examples of titanium compounds 
with pairs of R 1 and R 2 or R n and R 4 joined are bis 1,6-hexylene titanate and dibutyl 

40 1,6-hexylenetitanate. The diradicals containing alkylene groups and O, N, NR* or S 40 ( 

atoms can be of formula — (CH : ) n O(CH,) a - , — (CH 2 ).NH(CH 2 ) n NH(CH 2 ) n — or 
— (CH 2 ) tt S(CH 2 ) a — , where n is an integer of 2 to 4 especially 2. The tri or tetra 
radicals containing C and H and O, N, NR*' or S atoms are usually aliphatic based on 
alkylene groups optionally bridged by the hetero atoms, examples arc radicals of formula 

45 — [ (CH 2 ) tt ] 3 N where n is an integer of 2 to 4 especially 2, as in isopropyl (methanol- 45 

arnine) titanate. 

Preferred titanium compounds are tetra isopropyltitanate, di isopropyl titanium 
di(acctyl acetonate), tetra butyl titanate, dibutyl-1,6 hexylene- titanate, diisopropyl 
titanium di( ethyl acetoacetate), triisopropyl titanium ethyl acetoacetate and tri iso 
50 propyl titanium acetyl acetonate. 50 

Although if the materials are very thoroughly dried before packaging and the pack- 
ages themselves are moisture free, or if desiccant type tillers e.g. braium or calcium 
oxides are employed, it may be possible to produce effective formulations which do not 
contain hydrolysis inhibitor, we have found that the use of such a material is normally 
55 desirable for increasing storage stability. 55 

Suitable inhibitors are silicon compounds capable of reacting with moisture more 
readily than the silicon containing moieties attached to the polysulphide chain. Thus the 
inhibitor employed will depend on the nature of that moiety. As a guide we can indicate 
that compounds having four identical hydrolysable groups are more reactive to water 



7 



1,457,872 



7 



than those having three of the same groups and that those having three such groups are 
more reactive than those having two of the same groups. 

The order of reactivity with water of some hydrolisable groups bound to silicon in 
the inhibtors is 

O O O 

'il II II 

5 HCO — > MeCO — > R"' — CO — > MeO > EtO > R'"0 5 

where R'" is an aryl or alkyl group other than a methyl or ethyl group. It is of course 
possible to employ other hydrolisable groups if their reactivity with moisture is sufficient, 
for example amino-, nitrilo, isocyanato-, or mercapto-silyl compounds may be employed. 
It is of course also possible to have two or more different hydrolisable groups in the 
10 same compound. The remaining valencies of silicon in the inhibitor compound are 10 

satisfied by inert, non-sterically hindering groups e.g. alkyl groups of 1 to 6 carbon 
atoms for example methyl groups. 

Generally the silane inhibitor has the formula 

Z^SiCOZ')*-* 

15 where n' is 0, 1 or 2, Z is hydrogen or alkyl e.g. of 1 to 6 carbon atoms preferably 1 or 15 
2 carbon atoms or aryl e.g. aromatic hydrocarbyl of 6 — 19 carbon atoms for example 
phenyl, naphthyl or tolyl, and Z' is as defined for Z or is acyl of 1 to 8 carbon atoms, 
e.gi fqrmyl or alkanoyl of 2 to 4 carbon atoms for example acetyl. 

Examples of the silane inhibitor are methyltrimethoxysilane, ethyltrimethoxysilane, 
20 methyltriacetoxsilane, ethyltriethoxysilane, methyltriethoxysilane, ethyltriacetoxysilane 20 

and dimethyldiacetoxysilane. 

Normally the inhibitor is present in an amount of from up to 10% by weight e.g. 
0.1 — 10%, preferably 0.5 to 5 and 0.5—3%, especially 1 to 3% by weight based on 
the weight of polysulphide. 
25 Other desiccant materials e.g. calcium or barium oxides can be used in place of the 25 

silane in comparable amounts but this use is not preferred. 

The water impermeable pack can be made from any convenient material, e.g. metal, 
for example aluminium, a plastics material e.g. polyethylene, polypropylene and poly- 
vinyl chloride, aluminium foil-coated cardboard, or polymer coated aluminium. The 
30 container can be of any convenient shape, for example it may be a simple tube similar 30 

to a toothpaste tube, a sachet or a cartridge. If a cartridge is employed this will norm- 
ally be fitted with a moveable piston in order to eject the sealir£ composition from it. 
The cartridge also requires a nozzle, or means of fixing one. This might be done by 
having a tight fitting screw cap, a foil membrane, a closed tube which is cut when re- 
35 quired for use, or simply a moulded projection with external screw threads, which pro- 35 
jection is pierced and a nozzle added as required or any combination of these. These 
are manufactured; by BXL " Cascelloid Schieferdecker KJC., Metal Box Co., Pyles 
(Kent Moore Division) and many others; " Cascelloid " is a Registered Trade Mark. 
It is essential that the sealant material be substantially anhydrous before being 
40 packed in a water impervious pack or alternatively that sufficient hydrolysis inhibitor 40 

be present in the pack to remove the water. The sealant can be rendered substantially 
anhydrous by azeotropihg the composition with a suitable solvent, e.g; toluene. The 
r azeotroping and reaction of the silicon compound with the polysulphide may be carried 
put as one operation if a suitable solvent for the reaction is employed, for example using 
45 toluene. If this is done then the reaction mixture is simply heated to the azeotropic 45 

distillation temperature after completion of the reaction. Alternatively the silicon com- 
pound can be first reacted .with the polysulphide and the remaining ingredients except- 
ing the crosslinking promoter admixed with it prior to azeotroping, so long as the water 
is substantially removed before it reacts with the reaction product of the silane and 
50 polysulphide. 50 
In a preferred form the sealant packs of the present invention are prepared by first 
mixing the polysulphide polymer, which has been reacted with silicon-containing com- 
pound, with dried filler and/or plasticiser and/or pigment and/or thixo tropic agent. 
Normally this drying is accomplished by making a slurry of the filler and/or plasticiser 
55 and/or pigment and/or thixo tropic agent in a water-immiscible organic solvent, e.g. 55 

benzene, toluene or xylene. This is then azeotropicaliy distilled for a period of up to 12 
hours in order to remove any water present. 

The dried filler etc — containing slurry is mixed with the polymer and the organic ■ 
solvent removed normally initially by boiling off at an elevated temperature and the 
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30 



removal being compehed by vacuum distillation at about 70 — 80°C. When it is con- 
sidered that the system is sufficiently solvent free the final mixing and packaging opera- 
tions arc carried out. 

Many other procedures for producing dried fillers exist, for example, extended dry- 
5 ing at elevated temperature with or without the application of vacuum, the use of desic- 5 

cant fillers as indicated earlier, in fact any procedure capable of producing substantially 
dry materials may be gainfully employed. Similarly the blending of such dried fillers 
with the modified polymers may be carried out by a variety of standard mixing pro- 
cedures, such as Z and blade mixers, ball mills, 2- or 3-roli mills and such specialist 

10 mixing systems as are available commercially. Although we have found it advantageous 10 

to exclude moisture rigorously by performing such operations either under a dry nitro- 
gen blanket or in substantially air-free conditions, suitable mixtures may be produced 
under less stringent conditions, provided that at a later stage sufficient inhibitor is 
added. The dried filler and polymer mixture is then rendered suitably solvent-free, 

1 5 normally by distillation at elevated temperature finally under high vacuum at 70 — 80°d 1 5 

When the system is considered to be solvent free the final mixing and packaging opera- 
tions are carried out. The drying and blending procedures which avoid the use of sol- 
vents may of course be taken directly to this last stage and this procedure is is preferred 
for large scale production. 

20 The inhibitor and catalyst may then be mixed in to the silanized polysulphide. In 20 

a typical procedure on a small scale the vessel containing the mixture of dried fillers 
and polymer was transferred under a nitrogen blanket to a mixer/packager and a plate, 
containing an orifice, which may be plugged, was lowered to the sealant surface thus 
preventing ingress of air and/or moisture. Inhibitor is then added, in the preferred 
procedure the inhibitor is injected from a large syringe into the sealant matrix and then 25 
a short mixing cycle is initiated after plugging the orifice. This procedure avoids exuda- 
tion of inhibitor around the seals. After mixing, the catalvst may be added either by a 
similar procedure or directly to the sealant surface. The "orifice is then plugged and a 
full mixing cycle commenced (ca. 10 min). Packaging is then carried out by lowering 
the plate into the sealant matrix and, by means of suitable assemblages, directing the 30 
exuding mixture into the desired package, again with attention being paid to the exclu- 
sion of air and/or moisture. Many commercially used or available systems exist which 
are suitable, or may be suitably modified, to carry out the above mixing and packaging 
operations. The quantity of inhibitor required will depend on the dryness and amount 
35 of drving carried out on the ingredients. 35 

The cured products obtained from the silanized polvsulphide of the invention can 

be used as sealants e.g. as building sealants and have an "extensibility, by 50% 200V 

preferably .0— 150°/ : and especially 100— 150V. , though 50— 120°/ : , especially 70— 
120% may be suitable for some uses. The extensibility is, measured, during elongation 
40 at 6 mm/mm of a sample 50 y 12 x 12 mm, which has been cured by exposure to moist- 40 

ure for 7 days at 20°C and 50% RH. The conditions of curing and testing are basically 
those described in BS 4254, SMC5 or Fed. Spec TT — S — 0023 OC. The cured pro- 
ducts also have a recovery after 5 minutes extension bv 50—200% of at least 75°/ often 
at least 90%, measured 1 hr. after release of the extending force. 
45 . To obtain a cured product having the desired extensibility and recovery in any par- 45 

ticular case the following major factors affecting the extensibility and recovery must be 
considered: the number of hydrolysable groups in the silane; the size of f and c in the 
polysulphide; the nature of the repeating groups in the polysulphide; the number of SH 
groups in the polysulphide which are reacted with silane; the amount of hydrolysis 
5U inhibitor e.g. silane present in the sealant formulation; and to a lesser extent the amount 50 

arKi nature of fillers and plasticizers in the sealant formulation. The influence of each 
of these factors taken in isolation is in general as follows. 

An increase in the number of hydrolysable groups in the silane from two to three 
increases the number of sources of cross-linking and thereby decreases the extensibility 
55 of the cured product. An increase in f in the polysulphide increases the number of poten- 55 

nal cross-hnking sites, thereby decreasing the extensibility of the cured product. An 
increase in c means that the number of cross-linking sites in a cured molecule of con- 
stant molecular weight is reduced because there is more linear chain in the molecule, 
and, therefore, the extensibility increases. There is, however, a limit on the value of c 
OO lor each repeating unit beyond which the silanized polvsulphide cannot be used as a 60 

^furtuArn^ocT "gunnable"; for repeating units of formula 
linMT ?u ' t C h Pv? S , thc ,,mit is about 85 («■*■ a molecular weight of about 
14WO). i he more flexible the repeating unit c the greater is the extensibility of the 

^ ^ti P U f ; th u S 3 ^ ling unit of CH CH.OCH = OCH,CH,S* *ves a more ex- 

65 tensible product than that from a unit of CH-CH.S. and a unit of CH.R.CHLS, gives 65 



9 1,457,872 • 9_ 

a more extensible product than one from a CH»R,.CH 2 S unit. An increase in the per- 
centage of SH' groups in the polysulphide reacted increases the number of sources of 
cross-linking and thereby reduces the flexibility of the cured product. An increase in the 
amount of hydrolysis inhibitor in the formulation can, if sufficient inhibitor is added, 
5 reduce the amount of curing that can take place in the seven day test period because 5 

moisture causing curing reacts preferentially with the inhibitor and, only when the 
latter is consumed, can significant curing of the polysulphide occur. If very large amount 
of filler are present in the formulation the extensibility is reduced and if very large 
amounts of plasticizer are present the recovery is reduced. 
10 For the polysulphides of formula 10 

HS[(CH £ CH 2 OCH 2 OCH,CH.S>) r fCH>CHCHoSo),(SH),l 

CH 2 CH 2 OCH 2 OCH s CH 2 SH 

satisfactory extensibility is generally achieved, for a dimethoxy silane reactant with c in 
the range 40 to 84, f in the range 0 to 0.2 and 4 to 12% of the SH groups reacted, and, 
for a triethoxy silane reactant, with c in the range 40 to 84, f in the range 0 to 02, and 

15 3 to 11% of the SH groups in the polysulphide reacted. Silane reactants with two hydro- 15 

lysable groups will behave in a similar fashion to the dimethoxy silane and silane reac- 
tants with three hydrolysable groups will behave in a similar fashion to triethoxy silanes. 
Examples of the dimethoxy silane and triethoxy silane reactants are dimethoxy methyl 
vinyl silane and vinyl triethoxy silane. 

20 The. invention is illustrated in the following Examples 1 — 10 and 19 — 25; Ex- 20 

amples 11 — -18 describe the production of reaction products of polysulphides and silanes. 
The " gunnability 99 of a composition referred to therein is a measure of the fluidity of 
the mixture which is made by " gunning " material from a standard caulking gun 
through a standard nozzle for a fixed time under a fixed gas pressure. The conditions 

25 we use are as follows: Nozzle 2" x 1/8" diameter at 50 psi for 1 minute, several meas- 25 
urements are made and an average value is recorded. This process may be repeated 
over several months as a measure of storage stability. 

A polysulphide formula 
HS[(CH 2 Cft^ 

' CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

30 means that there are c and d repeating units which can be joined in any order with the 30 

d SH groups attached to the free valencies, whether those occur on the d unit or on the 
end of one or more of the c units or both. 

In the Examples the following trade names are used, " Calof ort " S, " Aerosil " 
300, " Aroclor " 6062, " Cereclor " 56L and " Cereclor " 63L arid 65L " Calofort " J 

35 is the trade name of J. & E. Sturge Ltd. for calcium carbonate particle size 0.1 ** 35 

coated with 3% stearic acid, " Aerosil " 300 is the trade name of Degussa for fumed 
silica. "Aroclor" 6062 is a trade name of Monsanto for a chlorinated polyphenyl 
"Cereclor" 63L, 65L and 56L are trade names of ICI for chlorinated liquid paraffins. 
" Calofort " Aerosil ", " Aroclor ", " Cereclor and " Calofort 

40 The titanium dioxide used in the Examples was " Runa 99 RP grade of Laporte 40 

Industries. " Runa 99 is a Registered Trade Mark. 

Example -L" 

A mixture of 100 g. of an anhydrous polysulphide polymer with an — SH equiv- 
alent of 2,780 being essentially of the statistical composition 

45 HS[(CHoCH 2 OCH 2 OCH 2 CH 2 SS) 28 (CH 2 CHCH 2 SS) 0 08 (SH) D 08 ] 45 

CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

was reacted with 3 g. of vinyl methyl dimethoxy silane at 100°C for 24 hrs. At this 
stage analysis showed that 83.5% of the SH groups remained unreacted. 

A sample (30 g.) of this polymer was compounded with the following ingredients, 
the mixing being done on a 3 roll milL 

50 Above polymer 30 e 50 

- Calofort "S 21 g! 

. Titanium dioxide " Runa " RP grade 4 J s 

"Aerosil" 300 0.75 r 

"Aroclor" 6062 17 |. 

55 Diisopropyltitanium diacetyl acetonate 0.6 g. 55 
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Th e material was gunned into test pieces as described in BS 4254, SMC 5, or 
Fed. Spec. TT — S — 0023 OC and the material was allowed to cure for 7 days at 20°C 
and 50% RH. The test pieces were then extended at 6 mm/min. by 100% of their 
original width, a force of 17J lbs. being required. The samples were held at this elonga- 
tion for 5 minutes, during which time the force required to hold them fell to 13* lbs. 
They were then removed from the jaws of the tensometer and immediately a relaxation 
of 85% was observed. After 1 nr. This relaxation was 100%. 

Example 2. 

A mixture of 100 g. of an anhydrous polymer with an — SH equivalent 2190 of 
the statistical composition 

HS[(CH 2 CH 2 OCH 2 OCH 2 CH 2 SS) 2 ,(CR.CHCH 2 SS) 02S (SH) 02S ] 

CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

known as Thiokol LP — 12, and 5 g. of vinyltriethoxysilane was heated at 120°C for 
reacted. ° f this P roduct shows *at 89.2% of the — SH groups remained un- 

This material was formulated as follows 

Polymer 30 • 

" Calofort n S 2 1 £ 

Titanium dioxide 45 J 

"Aerosil" 300 0 75 t 

"Aroclor" 6062 17* |[ 

Diisopropyltitanium diaceryl acetonate 0.6 g! 

_ , lj£ material was gunned into test pieces as described in BS 4254, SMC 5 or 

£5* °° 230C and the material allowed to cure for 7 days at 20°C and 50% 

RH They were extended at 6 mm/min. by 50% of their original width, a force of 12 
lbs. being required, and held at this elongation for 5 mins, the force dropping to 9i lbs 
Fney were then removed from the jaws of the tensometer and an immediate relaxation 
of 80 / 0 was noted. This relaxation increased to 100% after 1 hour. 

Example 3. 

A mixture of an anhydrous polymer with an — SH equivalent of 2735 of the sta- 
tistical composition 

HSf CH 2 CH 2 OCH 2 OCH 2 CH 2 SS) 2 ,(CH s CHCH 2 SS)o i*(SH) tt 15 ] 

CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

and 5 gms. vinyl tri-ethoxysilane was heated at 120°C for 24 hrs. Analysis of this pro- 
duct showed that 94.6% of the — SH groups remained unreacted. 

This material, when formulated and tested as in Example 1 gave a rubbery 
material which extended by 50% at a force of 15 lbs. per square inch. 

The material was held at 50% elongauon for 5 minutes during which time the 
lorce dropped to 13 lbs. On being released an instantaneous recovery of 90% was 
observed; recovery was 100% after 1 hour. 

Example 4. 

Mark) miXIUrc ° f 100 g * of " Thioko1 '* LP — 2 ("Thiokol" is a Registered Trade 

HSf (CH 2 CH 2 OCH,.OCH 2 CH 2 S 2 )»(CH 2 CHCH 2 S I )„ S (SH). ,] 

C^Cr^OCHiOCHjCI^SH 

f i !5°r-H° f ^°» Cn | distilled for 2 hours to remove water; then 
5 g. of CH f = CH— Si(OC,.H,) 2 (Union Carbide product A151) were added and the 

™°/ 'f^!. T der refl V t x f ° r ?.° hrs " Thc a™ 0 "™ <* a, an« was sufficient to add to 
vZ/lr groups if all silane reacted. The product was stripped at 1 mm at 

«• akaT? 0 ^ to,uen «: ™ d unreacted silane. Analysis showed that the polymer con- 
tained 0.44/ o silicon equivalent to 60% addition (i.e. 30% of SH groups had reacted). 

io 100 g. of die residue, 60 g. of calcium carbonate coated with 3% calcium 
stearate and 2 g of tetnusopropylutanate and 1 g. of methyl trimethoxy silane was 
added. Thc ingredients being compounded on a 3 roll mill. A portion of the mixture 
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was gunned into test pieces 50 x 12 x 12 mm as described in BS 4254, SMC — 5 or Fed. 
TT — S— 00230C, and cured within 7 days at 20° C and 50% RH to a rubbery non- 
tacky product, which could be extended at 6 mm/min by 50% of its original length, a 
force of 12 lbs. being required. After 5 mins. of this elongation an instantaneous re- 
5 covery of 90% was observed. 5 

The remainder of the sample was stored in a sealed flask, and found to be in a 
paste-like state after 2 months. 

Example 5. 

The process was carried out as in Example 4 but during 30 hrs. 0.1 g. benzoyl per- 
10 oxide was added every 4 hrs. The product was formulated as in Example 4 and cured 

within 7 days to a rubber-like material with properties identical to those of the material 
of Ex. 4 viz — 50% elongation needed 12 lbs. force and recovery was 90%. 



10 



Example 6. 

The process of Example 4 was repeated using as silane 3(-triethoxysilyl-) propyl- 
15 methacrylate 5 g., plus 1 g. of a 20% solution of sodium methoxide in methanol. The 15 

mixture was stirred for 4 hours at room temperature and the stripped at 0.2 mm at 
50°C to -remove toluene and unreacted silane. Analysis of the product showed that 
84.8% of the SH group remained unreacted. 

The product can be mixed with the same fillers and titanates in the same amounts 
20 as in Ex. 1 and cured for 7 days at 50% RH and tested as before. 20 

At 50% elongation a force of 9 lbs. was observed and instantaneous recovery was 
85%. 

Example 7. 

400 g. of a polysulphide of molecular weight about 7,200 of formula 
25 HS [(CH 2 CH 2 OCH 2 OCH 2 CH 2 S 2 ) 42 (CH 2 CHCH 2 S 2 ) 0 ; 2 2(SH) 0 ^] 25 

CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

known as " Thiokol " LP — 31 was reacted with 20 g. of methyl vinyl dimethdxy silane 
for 16 hrs. at 100°C resulting in 10.5% SH groups blocked. The product was mixed 
by hand with 280 gms. of " Calofort S 64 gms. titanium dioxide, 232 gms. of " Aro- 
dor " 6062 and 10 gms. of " Aerosil 300 the materials having been previously dried 
30 by azeotropic distillation followed by removal of solvent. The resulting stiff paste was 30 

then further mixed on a " Semco " mixer/packager with inhibitor (8 gms. of methyl 
trimethoxy silane, 2% wt. on polymer) and catalyst (8 gms. of di-isopropyl titanium 
(IV) acetyl acetonate, 2% by wt. of polymer weight; " Semco " is a Registered Trade 
Mark. 

35 Initial gunnability = 8.6 gms./min. v 35 

after 31 days = 6i5 gms./min. 

after 59 days = 2.7 gms./min. 

Samples of the packed material were gunned into test pieces to give 
50 x 12 x 12 mm. samples, between glass or aluminium plates. The test pieces were 
40 cured at 50% RH and 20°C for 7 days. They then elongated at 6 mm/min. by 50% of 40 

their original width, a force of 15 lbs. being required. An instantaneous recovery of 90% 
was observed after being held at this elongation for 5 minutes. 

'*. *''*",..... , f/ j , - , "! Example 8. \ , . . •.. " c 

4 A mixture of 350 gms. " Calofort S ", 80 gms. titanium dioxide,, 290 gms. "Aro- 
45 dor 6062 12 gm. * Aerosil 300 " and, 1£ litres of toluene was stirred under reflux for 45 

a total of 10 hours with periodic removal of -water, via a Dean and Stark trap. To this 
slurry was added 500 gms. of a silane modified polysulphide as in Example 7 and the 
solvent was then stripped off, finally under high vacuum (0.5 mm. Hg) at up to 100°C 
in a stainless steel vessel. The resulting product was thick paste. Inhibitor (10 gms.= 
50 2% wt. on polymer, of methyl trimethoxy silane) and catalyst (10 gms. = 2% wt. on 50 

polymer, of di-isopropyl titanium acetyl acetonate) were then added to " pockets " made 
. in the sealant and a 10 minute mixing cycle was initiated. The product was then pack- 
aged as described earlier and gunnability tested: 

Initial gunnability = 10.7 gms./min. 

55 after 28 days = 7.2 gms./min. 55 

after 63 days = 4.8 gms./niin. 

Samples of the packaged material were gunned into test pieces as described in BS 
4254 and cured for 7 days at 50% RH. 
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The test pieces were elongated at 6 mm/min. to give a 50% extension, the force 
required was 12 lbs. Over a 5 min. period this fell to 11 lbs. After this time the sample 
recovered by 100% instantaneously. 

Example 9. 

A slurry of 1,400 gms. "Calofort" S, 320 gms. titanium dioxide, 1,160 gms. 
" Aroclor " 6062 and 48 gms. of" Aerosil " 300 in 5 litre* of toluene wa^ refluxed for 
a total of 10 hours with periodic removal of water collected in a Dean and Stark trap. 
To this slurry 2,000 gms. of a silane modified polysulphidc as in Example 7 was added 
and the solvent removed by application of heat and vacuum, finally at high vacuum 
(0.5 mm. Hg.) and up to 100°C. This latter stage may be performed in a vessel suitable 
for the remaining steps of the procedure. Stirring of the resultant mixture may prove 
desirable to assist removal of the solvent from the lower part of the vessel. The vessel 
was then transferred under a N blanket to a " Semco " Mixer/Packager and to the 
mixture was added 40 gms. of methyl trimethoxy silane inhibitor and a 4 minute mix- 
ing cycle initiated. Then 40 gms. of di-isopropyl titanium (IV) acetyl acetonate cata- 
lyst were added and a 10 minute mixing cycle initiated. 

When the mixing cycle was completed packaging was commenced by orthodox pro- 
cedures, care being taken to minimise contact with the atmosphere. A variety of pack- 
ages were rilled and retained for regular testing of latency. Gunnability was measured 
as above giving an 

Initial gunnability 30 gms./min. 

After 1 year 26 gms./min. 

Samples were gunned into test pieces as described in BS 4254 and cured for 7 days 
at 20°C and 50% RH. They were then extended by 50% of their original length, a force 
of 10 lbs. being required. This fell to 8 J lbs. over 5 minutes, and an instantaneous re- 
covery of 95% was observed. 

Example 10. 

A similar procedure to Example 9 was carried out substituting 20 gms. of methyl 
trimethoxy silane inhibitor for the 40 gms. of the same inhibitor in that Example. A 
mixture was obtained with initial gunnability of 12.3 gms. /min. measured as described 
under Example 8. 

6 months gunnability 10.4 g./min. 
Samples were gunned into test pieces 

an^ cured and tested as before. 

Force at 50% elongation 18 lbs. 

After 5 mins. 17 lbs. 

Instantaneous recovery. 100%. 

Example 11. 
500 g (0.07 M) of a polysulphidc of the formula 

HS [ (QH.OCH.OQH.S*) , 2 (CH a CHCH 2 S 2 ).. 22 (SH)..«lQH 4 OCH 2 OC 2 H 4 SH 

known as " Thiokol" LP 31 was mixed with 25 g (0.13 M) of vinyltriethoxy silane 
and the mixture was warmed to 100° C for 12 hrs. Analysis showed that 5.4% of the 
SH groups were blocked. 

Example 12. 
500 g (0.07 M) of a polysulphide of the formula 

HS [(QH,OCH 2 OQH 4 S 2 )^^ 

known as " Thiokol " LP31 was mixed with 500 g of toluene. The mixture was boiled 
under reflux for 2 hrs. during which time water (0.5 ml) was removed,. via a Dean & 
Stark trap. Vinylmethyldimethoxy silane (25 g 0.18 M) was added and the mixture 
refluxed for 14 hrs. Analysis showed that 7.2% of the SH groups had reacted. 

Example 13. 
500 g (0.05 M) of a polymer of the formula 

HS [ ( QH^OCH.OQH^),^ 



made by the method described by Eugene R. Bertozzi in Rubber Chem. Tech. 41 pp 
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Example 18. 

500 g. (0.07 M) of a polysulphide polymer of the formula 
HS [ (QH 4 OCH I OQH 4 S 2 ), 2 (CH l CHCH s S I )..»(SH).. tJ ]C t H,OCH 1 OC I H 4 SH 

was mixed with 10 g. (0.04 M) of 3-(triroethoxysilyl) propylglycidyl ether and 0.3 g. 
of trisdimethylamutomethyl phenol. The mixture was warmed to 100° C for 4 hrs. 
Analysis showed that 18.4% of the SH groups were blocked. 
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Mixture A 



Mixture B 



Mixture C 



Mixture D 



Filler and Plasticiser mixtures 



« Calofort n S 
Titanium Dioxide 
" Aerosii " 300 
" Aroclor " 6062 


g» 

80 g. 
12 g. 
290 g. 


"Calofort" S 
Titanium Dioxide 
"Aerosii "300 
" Cereclor " 56L 


350 g. 

80 g. 

12 g- 
500 g. 


Titanium Dioxide 
"Calofort" S 
"Cereclor" 63L 
Carbon Black 


250 g. 
200 g. 
500 g. 
10 g. 


" Calofort " S 
"Aroclor" 6062 
" Aerosii " 300 


500 g. 
450 g. 
12 g. 



Example 19. 

In Examples 19 — 25 the quantity of materials used are the whole quantities given 
in previous examples 11—18. The filler and plasticiser mixture A was slurried in tolu- 
ene. It was boiled under reflux for 6 hrs. Water, 2 mi. was removed by a Dean and 
Stark trap. The polymer from Ex. 12 still in toluene solution was added, and the whole 
mixture stripped in vacuo to remove toluene until the material could just be pourecL 
The mixture was then transferred to a stainless steel vessel, which could be fitted on a 
" Semco M mixer/packager (Model 272K with a strengthened quart size pot). Strip- 
ping was continued to 100°^ and 1 mm. The vessel was cautiously opened under a 
nitrogen blanket, placed on the " Semco " mixer and methyltrimcthoxysilane 5 g was 
added. The vessel was closed and the material thoroughly mixed. The vessel was again 
opened as before and diisopropyltitanium diacetylacetonate 10 g was added. The vessel 
was again closed and the material mixed for about 10 minutes. The sealant was put 
into cartridges (supplied by Schieferdecker " Nippekart heat sealed plastic coated 
aluminium sachets and toothpaste tubes. These were stored under ambient conditions 
and tested as follows: 

1. Cure and recovery 

Samples were made into test pieces of size 50 x 12 x 12 mm as described in BS 
4254 or SMC— 5. These samples were placed in an atmosphere of 50% RH and am- 
bient (20°C) conditions and allowed to cure. After 3 days the support blocks were 
removed and after 7 days the test piece was placed in the jaws of a tensometer and 
elongated at 6 mm/min. Maximum elongation was 75% at which point the sample 
failed cohesively. Samples elongated to 50% showed an instantaneous 95% recovery. 
The force required to achieve this elongation was 104 newtons. 

2. Gunnabiliry. 

After 3 days storage a cartridge was opened and placed in an air pressure operated 
sealant gun. The pressure was set at 50 psi and a standard nozzle was fitted to the 
cartridge. The weight extruded in 1 min. was measured 10 times, and the results aver- 
aged. After 3 months the test was repeated, and it was found that the material retained 
59% of its original gunnability. 
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Example 20. 

The filler and plasticiser mixture D was dried in a vacuum oven at 110°C and 
20 mm. pressure for 24 hrs. It was then combined with the polymer from Example 11, 
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We make no claim herein to an anhydrous composition suitable for use in a sealant 
composition and containing substantially no tin compounds or other compounds which 
react at room temperature under anhydrous conditions with SH bonds, the material 
comprising the product of reacting under anhydrous conditions a polysulphide of die 
statistical formula 

HS [CH 2 (R'),CH 2 S A 1 C [CH 2 R" U CH 2 S*]< CH 2 (R')bCH a SH 

where a is 2, 3 or 4, b is 0 or 1, b' is 0 or 1, c is 20—50, d is less than 0.05c, R' is a di- 
valent radical which is free from aliphatic unsaturation and consists of a hydrocarbon 
radical substituted by a hydroxyl group and/or interrupted by an oxygen atom in a 

— i— O— C 
I I i 

linkage and/or interrupted by a sulphur atom in a 




i i i 

linkage, R" is a divalent radical which is free from aliphatic unsaturation and consists 
of a hydrocarbon radical substituted by an SH group and optionally substituted by a 
hydroxy radical and/or interrupted by an oxygen atom in a 

— i— O— C 

I ! I 

linkage and/or interrupted by a sulphur atom in a 




i i I 

linkage, with sufficient of a compound of the formula QnSiX^ where n is 1 or 2, Q is 
a group having a terminal epoxide ^roup, or a 

CH* = CHCOOC»,+iIW, CH^CCOOC^H*^ or CH^CHQ.H^ 



group where m is 0, 1, 2 or 3, R is alkyl or aryl, at least two groups X are hydrolyzable 
groups and the remainder (if any) are monovalent hydrocarbon or chlorohydrocarbon 
radicals, to react with 3—30% of the SH groups of the polysulphide, except when a 
moisture curing catalyst is also present mixed with said reaction product in an amount 
of 0.1 — 10% by weight based on the weight of said reaction product. We also make no 
claim to a process for preparing said anhydrous composition. 

Subject to the above disclaimers, WHAT WE CLAIM IS: — 

1. A moisture curable sealant composition maintained under anhydrous conditions 
and containing unreacted SH groups, and in the absence of peroxides or tin compounds 
(or other compounds) capable of curing SH terminated polysulphides under the reac- 
tion conditions specified hereinafter in the absence of moisture, said sealant comprising 
the product of reacting under anhydrous conditions a polysulphide of the statistical 
formula 

HS[(— CH 2 (R')lCH 2 S.— ) c (R"S A — )< (SH) r ] CH 2 (R') b CH 2 SH 

where a is 1 — 5, 
b is 0 or 1 
c is 1—200 
d is 0 up to 0.05c 

f is subject to the conditions 0.05c>f>d, l>f and 
f = d x ( No. of free valencies in R" — 2 ) 
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R' is — O — , — S — or an organic divalent radical free of aliphatic unsaturation consist- 
ing of C and H and optionally O and/or S aj in the form of — C — O — C — , — OH or 
— C— S a — C — links, R" is an organic radical free of aliphatic unsaturation and having 
at least 3 free valencies and consisting of C and H and optionally O and/or S a in the 
5 form of — C — O — C, — OH or — C— S* — C — links, and the free valencies in the c 5 

and d repeat units carrying all the f SH groups and the CH 2 R' b CH 2 S a and R"S a groups 
being in any order, with a silane of the formula QeSiX u _ u > where n is 1 or 2, Q is an 
organic group having an epoxide group, CH 2 = CR ,4 COOC m+1 H 2m+2 — or 
CH 2 = CR 1 *— C itt H Ju . — group, where m is 0, 1, 2 or 3, each of R" and R 15 , which are 

10 the same or different, is hydrogen or is an alkyl radical of 1 to 4 carbon atoms and at 10 

least two X's are organic hydrolyzable groups and the remaining group X (if any) is an 
alkyl group of 1 to 6 carbon atoms or a chloro alkyl radical of 1 to 6 carbon atoms, the 
silane having a total of only 1 or 2 groups which react with SH in the polysulphide 
under the reaction conditions, the reaction being carried out at a temperature and for a 

15 time and using a quantity of silane such that for the silane in question the proportion 15 

of the SH groups of the polysulphide which react with the silane is from 3% to 30%, 
said composition also comprising 0.1 — 10% by weight (based on the weight of the 
polysulphide) of a moisture curing catalyst. 

2. A composition according to claim 1 wherein the silane is of formula QSiX s . 

20 3, A composition according to claim 1 or 2 wherein R" is a trivalent radical. 20 

4. A composition according to claim 3 wherein R" is a a — CH 2 CHCH 2 — group. 

51 A composition according to any one of the preceding claims wherein b = 1 and R' 
is a divalent radical free of aliphatic unsaturation consisting of C and H atoms and at 
least one of O and S atoms in the form of € — O — C or C — S a — C links. 
25 6. A composition according to claim 5 wherein R' is a CHjOCHoOCHs radical. 25 

7. A composition according to any one of the preceding claims wherein Q is 

CH 2 — GH— CH2— O— ( CH 2 ) m _f. 1, 
O 

vinyl or CH 2 = C( CH 3 ) — COO ( CH 2 ) m vi -wherein m is 0, 1, 2 or 3. 

8. A composition according to claim 7 wherein Q is 

30 CH 2 ^H-^CH 2 0— (CH 2 ) 3 — , 30 

X / 
O 

vinyl or CH 2 = C(C^)a>0(CH 2 ) 3 — . 

9. A composition according to claim 8 wherein Q is a vinyl group. 

10. A composition according to any one of the preceding claims wherein at least 
2 groups X are alkoxy groups of 1 — 6 carbon atoms and the remaining group X (if 

35 any) is an alkyl group of 1—6 carbon atoms. 35 

11. A composition according to claim 10 wherein 2 groups X are methoxy or eth- 
oxy groups and the remaining group X is a methyl, methoxy or ethoxy group. 

12. A composition according to claim 11 wherein the silane is vinyl triethoxy 
silane or vinyl methyl dimethoxy silane. 

40 13. A composition according to any one of the preceding claims wherein 3 — 15% 40 

of the SH groups of the polysulphide have been reacted. 

14. A composition according to any one of the preceding claims wherein in the 
polysulphide f is 0.001 — 02. 

15. A composition according to any one of the preceding claims wherein in the 

45 polysulphide c is 40 — 85. * 45 

16. A composition according to claim 14 which comprises the product of reacting 
under anhydrous conditions a polysulphide of formula 

HS [ (CH 2 CH 2 0CH 2 0CH 2 CH 2 S a ) c (CH 2 CHCH 2 S a ) d (SH) f ] 

CH 2 CH 2 OCH 2 OCH 2 CH 2 SH 

wherein a is 2 — 3 and d and f are the same and equal to 0.001 — 0.2 and c is 20 — 85 
50 with an amount of silane of formula QSiX 3 wherein Q is 3-glycidoxypropyl, 3-meth- 50 

acryloxypropyl or a vinyl group and two X groups represent methoxy or ethoxy groups 



NSDOCID: <GB 1457872A_I_> 



1,457,872 



and the third X group represents a methyl, methoxy or ethoxy group, sufficient to react 
with 3 — 15 / c of the SH groups of the polysulphide. 

17. A composition according to any one of the preceding claims which also contains 
0.5 — 10% by weight of a silane hydrolysis inhibitor of formula Si (OZ')^, 
wherein n' is 0, 1 or 2, Z is alkyl or aryl, and Z' is methyl, ethyl or acyl. 

18. A composition according to claim 17, wherein the inhibitor is methyl trimeth- 
oxy silane or methyl triacetoxysiJane. - - — ___ 

19. A composition as claimed in claim 1 substantially as described in any one of 
Examples 1 — 10 and 19—25. 

20. A composition according to any one of the preceding claims wherein the 
amount of moisture curing catalyst is 0.5 — 4% by weight of polysulphide. 

21. A composition according to Claim 20 wherein the amount of catalyst is about 
2% by weight of polysulphide. 

22. A composition according to any one of the preceding claims wherein the moist- 
ure curing catalyst is of formula 

R x O OR 3 

\ / 
Ti 

/ \ 
R*0 OR* 

wherein each of R l , R 2 , R 3 and R 4 which are the same or different, represents an alkyl 
group of 1 to 18 carbon atoms, or a phenyl group, or one or two of the groups OR 1 , 
OR 2 , OR 3 and OR 4 represent enolate groups from /3-dicarbonyl compounds or ft- 
hydroxy-carbonyl compounds or at least one pair of the pairs R 1 and R z , and R 2 and 
R*, combined represents an aliphatic diradical, which is an alkylene radical of 1 — 18 
carbon atoms, or a diradical, consisting of said alkylene radicals bridged by at least one 
of O, — N — , NR ' and S atoms, in ether, amine or thio ether linkages, or three or four 
of R 1 , R 2 , R\ R*, combined represent an aliphatic tri or tetraradical, which consists of 
saturated hydrocarbyl groups or saturated hydrocarbyl groups bridged by at least one 
of O, N, NR* and S atoms in ether, amine or thioether linkages, and R 5 represents 
hydrogen or alkyl of 1 — 6 carbon atoms, or a polymer of such a compound. 

23. A composition according to Claim 22 wherein said catalyst is tetraisopropyl- 
titanate or diisopropyl titanium bis(acetyl acetonate). 

24. A water impermeable pack maintaining under anhydrous conditions a sealant 
formulation comprising a composition as claimed in any one of the preceding claims, 
together with at least one of a solid filler a* 1 a plasticizer. 

25. A pack according to Claim 24 which comprises 10 — 60% by weight (based on 
the weight of the formulations) of said sealant composition. 

26. A pack according to Claim 24 or 25 which comprises said reaction product of 
polysulphide and silane, filler and plasticizer in weight ratios 0.5 — 1.5:0.5 — 1.5:0.5 — 1.5. 

27. A pack according to Claim 26 wherein said curing catalyst is present in an 
amount of about 2% (by weight based on the weight of polysulphide). 

28. A pack according to Claim 27 wherein in the polysulphide R' is as defined in 
Claim 6, R" is a — CH 2 CHCHj— group, a is 2 — 4, b is 1, and c is 20—50. 



29. A pack according to claim 25 wherein the formulation comprises 10 — 60% by 
weight of sealant composition, 30— 10% of filler and 20—45% by weight of plasticizer. 

30. A pack according to claim 24 comprising a formulation substantially as des- 
cribed in any one of Examples 1 — 10 and 19 — 25. 

3i- A cured sealant having an extensibility by 50—200% and recovery of at least 
75% (both measured under the conditions hereinbefore specified) obtained by treating 
with moisture a formulation as defined in any one of claims 24 — 30. 

32. A moisture curable sealant composition maintained under anhydrous conditions 
and containing un reacted SH groups, and in the absence of peroxides or tin compounds 
(or other compounds) capable of curing SH terminated polysulphides under the reac- 
tion conditions specified hereinafter in the absence of moisture, said sealant comprising 
the product of reacting under anhydrous conditions a polysulphide as defined in any 
one of Claims 1 and 3 — 6, with a silane as defined in any one of Claims 1, 2 and 7 — 12, 
the reaction being carried out at a temperature and for a time and using a quantity of 
silane such that for the silane in question the proportion of the SH groups of the poly- 
sulphide which react with the silane is from 3% to 30%. 

33. A composition as claimed in Claim 32 wherein said reaction product is as de- 
fined in Claim 16. 
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34. A composition as claimed in Claim 33 wherein c is 40 — 85. 

35. A process for preparing a moisture curable sealant composition maintained 
under anhydrous conditions and containing unreacted SH groups, which process com- 
prises reacting under anhydrous conditions in the absence of peroxides, tin compounds 

5 (or other compounds) capable of curing SH terminated polysulphides under the reac- 5 

tion conditions, a polysulphide with a silane both as defined in any one of Claims 32 — 
34, the reaction being carried out at a temperature and for a time and using a quantity 
of silane such that for the silane in question the proportion of the SH groups of the 
polysulphide which react with the silane is 3 — 30%. 
10 36. A process according to Claim 35 wherein the silane is reacted with 3 — 15% of 10 

the SH groups. 

37. A moisture curable sealant composition prepared by a process as claimed in 
Claim 35 or 36. 

G. A. BLOXAM, 
Agent for Applicants, 
1 Rnightsbridge Green, 
London SW1X 7QD. 
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